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Variation inLigule Spotting in Coreopsis basaMs
EDWIN B. SMITH

Department of Botany and Bacteriology, University of Arkansas
Fayetteville, Arkansas 72701

ABSTRACT
The ligules of Coreopsis basalis bear an attractive reddish-brown spot at the base. The
spot has been used as a taxonomic character of the species. But there is variation within
populations at any one time, and within individuals at sequential times, for the size of the
spot. A few individuals lack the ligule spot entirely. Variation in average ligule spot size in
greenhouse-grown populations of C. basalis and an artificial hybrid is described. Average
spot size declines as the blooming season progresses. Some individuals with spotted ligules
early in the season bore spotless ligules late in the season. No correlation was found between
the spot size and ordinary environmental parameters. The dependability of the ligule spot
as a taxonomic character declines as the blooming season progresses.
INTRODUCTION

MATERIALSAND METHODS

Coreopsis basalis
& Dietr.) Blake (Compositae) is a
winter annual of sandy to gravelly soils ranging from
south-central Texas (sporadically through the mid-Gulf states)
to Florida and North Carolina. Two isolated populations are
present in Ouachita and Nevada Counties in Arkansas.
Coreopsis basalis recently has been transferred from section
Calliopsis to section Coreopsis of the genus (Smith, 1972). The
species generally is treated (Sherff, 1955) as consisting of two
varieties, var. basalis and var. wrightii(A.Gray) Blake. Recent
evidence (Parker, 1973), however, indicates that var. wrightii
should be elevated to the species level.
Coreopsis basalis flowers in the field from spring to
midsummer. The base ofeach ligule generally is marked with a
reddish-brown spot, whereas the apical portion is yellow. The
bicolored pattern thus formed is attractive and the species
occasionally is cultivated. In the most recent treatment of
North American Coreopsis (Sherff, 1955), the reddish-brown
ligule spot is noted as a character ofC. basalis.
While engaged in a biosystematic study of eastern North
American Coreopsis, the writer noticed that populations of C.
basalis showed considerable variation in the size of the ligule
spot. The spot varied from absent (the ligules entirely yellow) to
covering about the lower three-fifths of the ligule. Furthermore, on individual plants grown in the greenhouse, successive
heads exhibited gradually smaller and smaller ligule spots. The
same phenomena were noticed in C. tinctoria of section
Calliopsis (Smith and Parker, 1971). Inboth C. tinctoria and
C. basalis there are two components to the variation:
intrapopulational variation (the various spot sizes observable in
a population at any one time) and intraindividual variation (the
gradual change in spot size in successive heads of the same
individual observed at successive times). Genetic differences
among individuals could explain the intrapopulational
component, but some environmental or internal factor would
presumably control the intraindividual component. The spot
size does not vary withinindividual mature heads; all ligules of
a head have the same spot size. By dissection of variously sized
buds, it has been determined that the proportion of the ligule
that is reddish-brown in a particular head is fixed between 24
and 48 hours before the bud opens.
Though the primary aim of the writer's work is taxonomic, it
was thought to be worthwhile to document the intraindividual
component of variation in ligule spotting in C. basalis, in part
because the ligule spot is one of the key characters of the

On a field trip in 1969, a large quantity of achenes was
harvested from a small isolated population of C. basalis in
Ouachita County, Arkansas (Smith 1286, UARK). The
population consisted of perhaps 1,000 individuals occupying
about one or two acres in a sandy cemetary near Chidester. The
achenes were stored in a refrigerator at 7 C until used. Two
different experiments were conducted.
1. Beginning in November 1971, samples of 15 achenes were
germinated at monthly intervals in water in Petri dishes. The
embryos were dissected out of the achenes for more uniform
germination. From earlier work, it was known that the
percentage germination of C. basalis achenes is sometimes low,
but that nearly 100% germination can be obtained by
dissecting the embryos from the achenes. Seedlings were
planted in the greenhouse at monthly intervals through May
1972. An attempt was made to maintain at least 10 individuals
from each of the seven samples; however, seedling mortality
reduced this number to as few as three individuals in one
sample. When the plants began to bloom in March 1972,
weekly measurements of the spot size on each individual were
made. For purpose of uniform sampling, the head bearing
ligules with the largest spots was always selected, and only
newly opened heads with about three rows of disk flowers in
anthesis were used. At the beginning of this experiment,
temperature and weather conditions (cloudy, sunny) were
noted daily. Comparisons were made between these factors and
ligule spot size on the day ofmeasurement of the spot as well as
one, two and three days prior to the day of measurement. This
experiment was terminated in August 1972 because most
individuals were becoming sickly or senile at that time. The
average spot size per sample for each date was calculated.
Because the averages ofdifferent samples for any one date did
not appear to differ appreciably, the grand average ligule spot
size of all samples was recorded at weekly intervals by date.
2. Individuals of C. basalis and of a hybrid between two
varieties of C. grandiflora Hogg (a perennial with solid yellow
ligules in section Coreopsis) were hybridized artificially in1971.
The products of this hybridization were two semisterile
perennial individuals with reddish-brown ligule spots. These
hybrids set almost no fruit and continued to bloom essentially
year-round. From January to October 1972, weekly measurements of the ligule spot size of these two perennial hybrids were
made. The average weekly spot size of the two hybrids was
recorded by date.
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RESULTS AND CONCLUSIONS
Figure 1 shows the average ligule spot size by date for the C.
basalis samples and the C. basalis x C. grandiflora hybrids.
The average ligule spot size in C. basalis tends to be largest
when the plants first bloom in early spring and gradually
declines thereafter. Weather conditions and greenhouse
temperatures had no noticeable effect on ligule spot size. Age
of the plant superficially appears to influence spot size:
increasing age is accompanied by decreasing spot size. But
samples that differed in planting time (and thus age) by as
much as six months had about the same average spot size. The
spot size in C. basalis appears to be correlated negatively with
daylength; as daylength increases to the summer solstice in
June, the ligule spot size decreases. But this correlation may be
spurious in view of the behavior of the perennial hybrids.
The perennial hybrids made it possible to "check" blanks in
the blooming cycle of the annuals, in that the semisterile
perennials bloomed almost continuously. The perennials
showed an increase in spot size from early January to late
March, and a decrease in spot size thereafter. Although exact
measurements were not recorded, the same cycle was observed
in the hybrids in 1973 and 1974. The simple negative
correlation with daylength observed in C. basalis is not
confirmed in the perennial hybrids. The spot size in the hybrids
increases with increasing daylength from January to March
(positive correlation), decreases with increasing daylength from
March through June (negative correlation) and continues to
decrease as daylength declines after June (positive correlation).
The cause of the intraindividual component of ligule spot
variation remains unknown. Apparently it is not affected
directly by differences in age of the plant, temperature or

weather conditions. Though light cycle cannot be ruled out as a
contributing factor, the correlation between spot size and
daylength is certainly not clearcut, at least in the perennial
hybrids.

Because the ligule spot varies with time, with individuals
having smaller and smaller spots during the normal blooming
period ofC. basalis, the spot as a taxonomic character becomes
less dependable as the blooming season progresses.
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Figure 1. Variation in average ligule spot size (mm) in
Coreopsis basalis (solid line) and in C. basalis x C. grandiflora
hybrids (dashed line) with time.
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